Home range, movements, and activity patterns of pampas deer (Ozotoceros bezoarticus) were studied in Emas National Park, State of Goiás, Brazil. Four pampas deer were located daily during 1 year by radio tracking. Additionally, during 8 sampling periods, locations were determined every 30 min for 12 consecutive hours to determine activity patterns. Vegetation was sampled monthly to detect for seasonal variation in food availability. Pampas deer were active during the day and night, and individual variation in activity patterns was observed. Average home ranges of pampas deer were larger than the average area used by other Odocoileinae. Home ranges were similar in size in the dry (April-September) and wet (October-March) seasons, but deer moved more during the rainy season-a pattern apparently related to availability of flowers.
The concept of home range has been defined as the area within which an animal traverses to meet normal daily needs (Burt 1943; Harris et al. 1990; Mohr 1947) . Knowledge of home range is important for management and conservation; however, in Brazil, very little is known about the home range for the majority of species, particularly herbivores. The pampas deer (Ozotoceros bezoarticus) has been considered to be the least known of the 6 genera of deer found in South America (Redford 1987) , and the only home range study of pampas deer is that of Leeuwenberg et al. (1997) in a cerrado region near Brasília, Federal District, Central Brazil.
The pampas deer is a medium-sized cervid that, historically, was widely distributed throughout areas of open vegetation in South America between 5Њ and 40ЊS. Presently, only isolated populations occur in * Correspondent: fhgr@mymail.com.br remnant patches of native grasslands in Argentina, Bolivia, Brazil, Paraguay, and Uruguay (Jackson 1987) . The pampas deer is selective in its diet (Jackson and Giulietti 1988) and, in Central Brazil, consumes principally new leaves, buds, and flowers (Rodrigues and Monteiro-Filho 1999) .
Home ranges of cervids may vary a great deal from one locale to another (Putman 1988) , depending on factors such as vegetation and climate. However, the primary factor responsible for home-range variation is availability of forage (Putman 1988) . Leeuwenberg et al. (1997) found seasonal variation in home-range sizes for pampas deer, with larger areas being used during the rainy season, when there usually is more forage available. Our objective was to determine daily movement patterns, homerange size, and seasonal variation in homerange sizes of pampas deer in Emas National Park in Central Brazil.
MATERIALS AND METHODS
Our study was conducted between March 1994 and March 1995 within Emas National Park, located in the western extreme of the state of Goiás, Brazil (about 18Њ15ЈS, 52Њ53ЈW). The park comprised 131,868 ha, making it the largest area of Cerrado vegetation, a Neotropical savanna, preserved in a federal reserve (Instituto Brasileiro de Desenvolvimento Florestal/Fundação Brasileira para Conservação da Natureza 1981). Within the park, almost all vegetational physiognomies of the Cerrado were represented. About 60% of the park was dominated by open grasslands or ''campos'' (Redford 1987) . The ''campos limpos'' (open grasslands) and ''campos sujos'' (grasslands scattered with low shrubs) were situated principally in the core of the park and had an essentially flat relief. Wildfires in the park were common, and about every 3 years, the park experienced a large fire (Silveira et al. 1999) . In August 1994, fire consumed all the cerrado areas in the park, killing many animals, including some pampas deer (Silveira et al. 1999) , and reducing food resources to nearly nothing (Rodrigues 1996c) .
The park contains 1 of the largest populations of pampas deer found in the Brazilian Cerrado, estimated at 1,300 individuals (Rodrigues 1996a ). We captured 6 pampas deer (1 young male, 3 adult males, and 2 adult females) between 21 and 26 February 1994, following Duarte (1992) . On locating 1 or more individuals by truck, a 100-by 1.80-m net was set up in a semicircle. Keeping low to the ground, researchers positioned themselves about 50 m apart and closed a circle around the deer. Researchers then stood and drove deer toward the net, where they were captured. Deer were fitted with radiocollars (164 MHz-Wildlife Materials Inc., Carbondale, Illinois) and marked with numbered, plastic, yellow ear tags. Each radiotransmitter was set at a unique frequency and was sensitive enough to indicate if a deer had stopped (inactive) or was moving (active).
We tracked deer for 1 year, beginning in April 1994. The range of the radiotransmitters varied from 1.3 to 8.0 km, depending on the terrain and vegetation, but the average distance of locations was about 2 km. Were searched for deer daily during 20 days each month. Animals were located via 2 fixed points whose coordinates were determined with a global positioning system (GPS). Positions of animals were determined by triangulation (White and Garrot 1990) . Position errors were estimated by locating transmitters in known locations. The average bearing error was 8.0 Ϯ 5.9Њ (SE). Home-range areas were calculated on a monthly basis, using the minimum convex polygon method (Mohr 1947) , which permitted comparisons with previous studies. Home-range areas were calculated with the program McPAAL (Stüwe and Blohowiak 1985) . Distance between locations on subsequent days was used to estimate the distance an animal moved per day.
We sampled vegetation monthly from April 1994 to March 1995 (except for September 1994) to estimate food availability. During each sampling period, a 1,200-m 2 (600 by 2 m) area was established and, within 20 randomly drawn 1-m 2 plots from this area, all new leaves, buds, and young plants were collected according to 3 plant categories: grasses, herbs, and shrubs. Excluding September 1994, we conducted monthly sampling to evaluate availability of flowers. All flowers were collected along 3 transects (100 by 4 m each; 1,200 m 2 ), and the collected material was dried (60ЊC, 24 h) and weighed. We grouped data into 2 seasons: dry (April-August) and wet (October-March) to test for seasonal variation of food availability.
In addition to locating tagged individuals each day, we tracked them for 12 consecutive hours during 4 nocturnal (2100-0900 h) and 4 diurnal (0900-2100 h) periods to detect variations in activity and movement patterns. Each of the 6 radio-equipped animals was tracked for at least 1 period. For calculations, each day was divided into 6-h periods, and the position and activity of the deer were obtained every 30 min. The ease of locating an animal and its distance from other individuals determined how many and which animals would be tracked during each period. A sample consisted of 1 tracking period of an individual deer. Locations obtained in these 12-h periods were not used to calculate home ranges. Activity patterns were analyzed separately for each animal. We used a G-test to test the null hypothesis that animals were equally active during all periods of the day. For each animal, observations were pooled into 6-h periods, representing different periods of the day (0600-1200 h, 1200-1800 h, 1800-2400 h, and 2400-0600 h) to avoid having cells with few observations (Sokal and Rohlf 1995) .
Using multiple regression analysis, we tested for an association of food resource availability with the home-range sizes and daily movements of the deer, considering different animals as blocks (Box et al. 1978) . Data were log-transformed for normality and variance homogeneity.
As abundances for each plant category could be correlated with one another, we tested for correlations between pairs of variables to select those that would be used in the regression analysis. Differences in the dry weights of vegetation from the dry (April-August) and wet (October-March) seasons were analyzed with Student's t-test. Differences in home-range size and daily movements between the dry and wet seasons (a fixed factor) were tested with a 2-way analysis of variance (ANOVA), using the deer as blocks (random factor) and monthly values within seasons as replicates (Box et al. 1978) .
RESULTS
We tracked 4 pampas deer (2 females, 2 males) for 1 year; 2 males were tracked for 3 and 5 months, after which the transmitters failed. The average home range of those animals that were tracked throughout the year was 82.4 km 2 Ϯ 45.2 SD. Even after 1 year of study, sizes of home ranges still were unstable and continued to increase (Table  1) .
Deer differed in relation to their behavior (Tables 1 and 2 ). Male 582 moved the most and had the largest home range. We observed large monthly variation in homerange size and movement (Table 2 ). In general, deer exhibited periods of short movements from 1 day to another, interspersed with longer movements. The home ranges of deer (Fig. 1) All vegetation variables (flowers, shrubs, grasses, and herbs) were correlated with one another, except for flowers with grass and flowers with shrubs. We therefore chose flowers and grass to test for a relationship with the home ranges and movements of the deer. Availabilities of flowers and grass did not significantly influence home ranges of deer, but availability of flowers was related to movements of deer (F ϭ 5.309, d.f. ϭ 1, 35, P ϭ 0.02).
Availability of food items varied seasonally in relation to flowers (t ϭ 3.11, d.f. ϭ 9, P Ͻ 0.01) and herbs (t ϭ 7.4, d.f. ϭ 9, P Ͻ 0.001), being greater during the rainy season (Fig. 2) . Grasses and shrubs did not show any significant seasonal variation in availability (grass, t ϭ 0.56, d.f.ϭ 9, P ϭ 0.59; shrubs, t ϭ 0.29, d.f.ϭ 9, P ϭ 0.78). In May 1994, there was a great reduction in food supply. After a strong frost in July 1994, followed by a wildfire that affected the entire park in August 1994, food availability dropped to nearly zero in grasslands; later, budding and flowering induced by the fire increased food availability and herbs stabilized at a higher level of abundance (Fig. 2) . Flowers had 2 peaks of production, 1 in October and another between December and February.
Eleven complete nocturnal and 10 diurnal samples of activity pattern were obtained, along with 2 incomplete diurnal samples. Deer were as active during the day as they were at night, and considerable individual variation in activity was noted (Fig. 3) . Female 208 was active during all periods of the day (G ϭ 0.78, d.f. ϭ 3, P ϭ 0.85), but female 533 (G ϭ 13.10, d.f. ϭ 3, P ϭ 0.004) and males 582 (G ϭ 33.31, d.f. ϭ 3, P Ͻ 0.001) and 634 (G ϭ 10.05, d.f. ϭ 3, P ϭ 0.018) were significantly more active at certain times of the day.
DISCUSSION
The home ranges of the pampas deer in Emas National Park are large compared with those obtained in the study of Leeuwenberg et al. (1997) , which recorded 9.9 km 2 for 1 male and 5.9 km 2 for 1 female (MCP method) and also are greater than those of North American deer of the same subfamily, Odocoileinae (Eberhardt et al. 1984; Harestad and Bunnell 1979; Inglis et al. 1979; Progulske and Basket 1958; Rogstad and Tester 1969; Staines 1974) . Even after 1 year of study, the home ranges of pampas deer were not appear stable and continued to increase in size. Apparently, deer altered their area through time. In 1999, for example, we observed female 208, for several consecutive days, in an area where we had never recorded her during the study, about 10 km from the area that she normally occupied during 1994-1995. Leeuwenberg et al. (1997) tracked 2 pampas deer for 9 and 6 months in the Brazilian Institute for Geography and Statistics (IBGE) Reserve, an area with a high level of anthropogenic disturbance that is composed primarily of dense cerrado vegetation. In contrast, Emas National Park is a large reserve far from large urban centers, and the vegetation basically consists of grasslands (Redford 1987) . These differences could influence home-range sizes of pampas deer; for example, the pampas deer that we tracked for only 3 months at Emas National Park had a home range similar in size to that of the deer tracked for 9 months in the IBGE Reserve. Home ranges in Emas National Park also could be larger than those observed at the IBGE Reserve because of differences in the availability of forage. Johnson (1984) noted that home ranges of roe deer (Capreolus capreolus) were largest than in areas with low forage available. A similar phenomenon also could occur with seasonal differences in availability of forage. Leeuwenberg et al. (1997) found larger home ranges for pampas deer in the rainy season than in the dry season.
Biomasses of new leaves and flowers, the items most consumed by pampas deer (Rodrigues and Monteiro-Filho 1999), were greatest in the wet season (Rodrigues 1996c ), but total vegetative biomass in the dry season may be greater or equal to the wet season. We did not find a significant relationship between food availability (flowers and grasses) and home ranges of pampas deer. However, there was a relationship between movements of the deer and the availability of flowers. This could be explained by the theory of optimal foraging (MacArthur and Pianka 1966) . When forage is scarce, animals limit their activity to patches of forage because it is energetically expensive to move in search of rare forage. Thus, when there is plenty of forage available, the animals can move to search for it, with greater certainty of finding it, making it possible to select the best forage. Pampas deer do select their food items according to food availability. Jackson and Giulietti (1988) observed that the diet of pampas deer varied seasonally, according to the amount of each item available, and some plants were consumed only when preferred species were rare.
An inverse relationship between home range (and movements) and food supply also could be expected, as described in Harestad and Bunnel (1979) . These authors consider home-range sizes (H) to be a function of energetic requirements (R) and change as an inverse function of environmental productivity (P): H ϭ R/P. Both R and P vary with season. Because R declines more rapidly than P, home ranges should shrink during the season with the least available food: winter in North America (Harestad and Bunnel 1979) . This may occur in the dry season of the Cerrado, although we have no evidence for lower energy requirements in the dry season. Tufto et al. (1996) related the variation in homerange sizes of roe deer with food supply, visibility within habitats, use of edge habitats, and population density. The same arguments could be used for the distances traveled by the deer. In Emas National Park, the habitat is very homogeneous, with a predominance of open grasslands. Population densities of pampas deer in the park were estimated in 1975 (G. Schaller, in litt.) and 1994 (Rodrigues 1996a ) and did not vary between studies. Thus, the population density, visibility, and edge arguments do not seen pertinent for pampas deer at the park, which appear to have a stronger relationship with food supply. Seasonal differences in movement patterns also may be related to other factors. The mating season of pampas deer occurs in the rainy season (Merino et al. 1997) , when individuals are searching for mates. Therefore, when the fawns are born, females may be obligated to reduce their movements. In fact, the fe-male with the least daily movements (female 533; Table 2 ) had a fawn when captured in February 1994 and remained with the young until June. The other female that was tracked had no young during the study.
Fire could influence movement of pampas deer, attracting them for recently burned areas (Frutuoso 1999) . We captured the 6 deer that we tracked in an area that had been burned in the previous month. Afterward, probably because the area did not offer as much forage as in the beginning (Rodrigues 1996c), the deer moved Ͼ10 km away. By promoting rapid vegetal regrowth and inducing flowering, fire provides an abundant supply of the preferred forage to pampas deer during parturition. Deer also consume the ash from fires, possibly as an important source of salts (Rodrigues 1996a) .
The pampas deer in Emas National Park were active during the day and night. Leeuwenberg et al. (1997) also found diurnalnocturnal activity periods for pampas deer in the cerrados of Brasília, Central Brazil. Easily digested foods (e.g., buds, new leaves, and flowers-Rodrigues and Monteiro-Filho 1999) may cause pampas deer to feed more frequently and exhibit constant activity . Leeuwenberg et al. (1997) also noted the high level of anthropogenic disturbance in the IBGE Reserve, principally during the day, as 1 of the factors that influenced nocturnal activity. However, the level of anthropogenic disturbance in Emas National Park was negligible. Continuous activity also may be related to predation risks, but Mazama gouazoupira, another cervid species that occurs in the Cerrado, has a restricted activity period and is active only until midnight (F. Leeuwenberg, pers. comm.) .
The population of pampas deer at Emas National Park appears to have been stable for the last 20 years, numbering around 1,000 to 1,300 individuals, or 0.01 individuals/ha-Rodrigues 1996a; G. Schaller, in litt.). Considering the average home-range size for the 4 deer tracked for 1 year and the density estimate of pampas deer in Emas National Park, each deer must overlap a minimum of 80% of its home-range area with other individuals. This could facilitate the conservation of this little-known species because areas with unevenly distributed resources, such as areas where water is restricted to certain locations, could harbor high concentrations of these animals. The large movements of pampas deer, which frequently change from 1 place to another, associated with the variable composition of groups and the fact that they do not stay with a single mate (Rodrigues 1996b) , favor greater genetic exchange and variability.
